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INTRODUCTION  AND  OBJECTIVES 


Following  is  a  brief  summary  of  acid  mine  drainage  (AMD)  data  collected  in  Cascade  County,  Montana.  The  most 
recent  sampling  program  was  performed  for  the  Department  of  State  Lands  -  Abandoned  Mine  Reclamation  Bureau 
(DSL-AMRB)  by  Robert  Peccia  and  Associates  (RPA)  during  the  period  of  May  16  -  22,  1991.  Previous  studies  of 
AMD  in  this  area  date  back  to  1969. 

Previous  studies  provided  descriptions  of  the  study  area  including  site  geology,  impacts  and  locations  of  AMD 
(Osborne,  et  al.,  1983,  Osborne,  et  aL,  1987,  Schafer,  1989,  Westech/Hydrometrics,  1982).  The  DSL  has  conducted 
site  investigations  documented  in  abandoned  mine  site  inventories  which  have  led  to  numerous  abandoned  mine 
reclamation  projects.  These  projects  typically  dealt  with  closure  of  mine  openings,  removal  of  spoils  from  water 
courses,  and  revegetation  of  mining  disturbed  areas  but  did  not  specifically  address  treatment  of  AMD  common  at 
many  of  the  sites. 

Many  alternatives  exist  for  the  treatment  of  AMD.  The  "active"  treatment  methods  require  considerable  start  up, 
operating  and  maintenance  cost,  and  time.  Other  alternatives  are  largely  ineffective  or  very  experimental  in  nature. 
Current  technology  for  AMD  treatment,  at  both  active  and  abandoned  mine  sites,  focuses  on  passive  (low  O&M  costs 
and  labor)  methods  involving  constructed  wetlands  and  passive  anoxic  limestone  drains  (PALDs).  This  report  briefly 
describes  the  wetland  and  PALD  options,  and  references  current  design  literature. 

The  purpose  of  recent  sampling  and  this  report  are  summarized  in  the  following  objectives. 

1.  Determine  exact  locations  of  AMD  in  Cascade  County,  and  provide  maps  and  descriptions  to 
facilitate  site  location. 

2.  Summarize  and  update  AMD  water  quality  and  quantity  information. 

3.  Review  current  AMD  reclamation  technology  and  develop  preliminary  design  recommendations. 

Appendix  1  of  this  report  contains  Figures  1  through  4  showing  site  locations  and  gives  descriptions  of  sampling  points 
as  well  as  a  brief  outline  of  preliminary  reclamation  alternatives  for  Cascade  County  AMD.  Flow  and  water  quality  data 
are  summarized  in  Appendix  2  (Tables  1  and  2)  of  this  report.  Calculated  wetland  sizes  are  also  presented  in  Table 
2. 

An  important  criteria  which  must  be  met  to  avoid  the  need  for  a  long  term  discharge  permit  is  the  non-degradation  of 
state  waters  (surface  and  groundwater).  More  specifically  the  following  steps  can  be  viewed  as  progressive  proposed 
goals  for  mine  drainage  treatment:  1)  improve  water  quality  from  existing  conditions;  2)  improvement  to 
livestock/irrigation  use  standards;  3)  improvement  to  aquatic  life/recreation  use  standards  and;  4)  improvement  to 
drinking  water  standards.  Appendix  3  includes  water  quality  standards  and  guidelines  for  the  above  described 
proposed  goals. 


CURRENT  DESIGN  TECHNOLOGY 


GENERAL  CONSIDERATIONS 

The  basic  components  which  cause  AMD  include  air  (02),  water,  pyrite,  and  iron-oxidizing  bacteria  (Thiobacillus 
ferrooxidans).  Methods  to  exclude  air  and  water  from  the  process  can  involve  flooding,  sealing,  covering/backfilling, 
drainage  rerouting,  and  planting  of  hydrophilic  vegetation.  In-place  neutralization  of  pyrite  using  lime  is  a  primary 
method  to  control  the  formation  of  AMD,  while  lime  and  bactericide  incorporation  are  methods  to  control  iron-oxidizing 
bacteria.  In-situ  use  of  phosphate  rock  is  an  experimental  method  which  holds  promise  in  reducing  the  acid  generating 
capability  of  pyrite.  Many  of  these  methods  have  been  attempted  in  past  AMRB  projects  in  Cascade  County  but  AMD 
still  occurs. 

Treatment  options  after  formation  of  AMD  are  numerous  and  the  most  common  methods  employed  at  mine  sites 
include  neutralization  and  precipitation  by  liming,  reverse  osmosis,  or  ion  exchange.  Other  treatment  options  can 
include  chemical  softening,  iron  oxidation,  distillation,  electrodialysis,  crystallization,  biological  treatment,  wetlands 
treatment,  sedimentation,  activated  alumina,  activated  carbon,  ozone  treatment,  mixing,  hydrogen  peroxide  treatment, 
and  electrobiochemical  treatment.  Of  these  methods,  the  trend  of  current  technology  is  toward  wetlands  treatment 
as  a  successful  and  cost  effective  method. 

WETLAND  TYPES  AND  SIZING 

A  number  of  constructed  wetland  design  concepts  for  treatment  of  AMD  have  been  developed  by  key  wetland 
researchers  (Brodie,  Wildeman,  Hedin,  Klineman,  Wieder,  and  Hammer).  The  basic  idea  is  to  increase  water  pH  and 
reduce  metal  concentrations  utilizing  physical,  chemical,  and  biological  mechanisms  such  as  sedimentation,  filtration, 
adsorption,  precipitation,  ion  exchange,  chelation,  sulfate  reduction,  decomposition,  microbial  oxidation,  plant 
metabolism  and  absorption.  Primary  wetland  design  components  can  include  deep  ponds,  aeration  systems,  deep 
and  shallow  wetlands,  subsurface  flow  wetlands  (upflow,  downflow,  horizontal  flow),  rock  filters,  and  alkaline  bed 
outflow  ponds.  These  components  can  be  used  in  different  combinations  and  in  conjunction  with  other  treatment 
systems  to  optimize  treatment  efficiency. 

Wetland  sizing  and  type  are  important  design  criteria.  Current  research  techniques  to  determine  optimum  wetland  size 
and  type  are  based  on  AMD  flow  rate,  pH,  iron  concentration,  manganese  concentration,  and  dissolved  oxygen  (D.O.) 
concentration.  Recent  research  has  pointed  to  integrating  AMD  acidity  and  aluminum  concentrations  into  design 
criteria.  Over  the  past  ten  years  implications  of  field  test  results  on  sizing  guidelines  have  resulted  in  increased  wetland 
sizes.  The  most  widely  accepted  method  of  wetland  sizing  is  based  on  influent  AMD  quantity  and  iron  concentrations 
as  a  measure  of  wetland  metal  loading  (Brodie,  1990;  Hedin,  1990;  and  Wildeman,  1990).  Metal  loading  rates  are  in 
units  of  GDM's  (grams/day/square  meter).  Wetland  sizes  calculated  for  sites  in  Cascade  County  and  shown  in  Table 
2  are  based  on  this  method.  All  Cascade  County  AMD  sites  studied  fall  into  the  most  stringent  recommendation  of 
2  GDM  of  iron. 

Some  general  considerations  for  AMD  treatment  are  that  as  oxidation  occurs,  water  pH  usually  decreases  and  metals 
in  solution  will  precipitate.  This  is  a  primary  reason  for  keeping  piping  of  AMD  to  a  minimum  since  metal  precipitate 
will  clog  piping.  Successful  operation  of  a  wetland  requires  the  system  to  be  in  a  relatively  constant,  steady-state 
condition  to  minimize  hydraulic,  vegetative  and  substrate  stresses.  In  Montana,  the  nature  of  the  geology  and  the 
occurrence  of  flash  floods  from  ephemeral  drainages  makes  flow  bypass  systems  and  double  liners  important  design 
considerations  for  wetland  systems. 
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PASSIVE  ANOXIC  LIMESTONE  DRAIN 


The  concept  of  the  PALD  has  evolved  out  of  the  need  to  raise  AMD  alkalinity  to  facilitate  improved  wetland  AMD 
treatment.  PALD's  have  begun  to  replace  more  traditional  active  lime  treatment  methods  at  active  mine  sites.  A 
primary  concern  with  PALD  design  is  that  the  AMD  must  have  low  oxygen  concentrations  (D.O.  <  1.0  to  2.0  mg/l)  to 
reduce  the  occurrence  of  iron  oxidation  and  limestone  armoring.  Currently,  there  are  no  recommendations  for  PALD 
sizing  or  longevity  (Brodie,  Hedin,  pers.  comm.  6/91). 

SUMMARY 

Passive  treatment  of  AMD  using  constructed  wetlands  and  PALDs  is  gaining  wider  acceptance  as  a  viable  reclamation 
technology.  However,  successful  full-scale  field  operations  to  date  have  involved  AMD  with  higher  pH  and  significantly 
lower  concentrations  of  metals.  Effective  treatment  of  AMD  with  constructed  wetlands  in  Montana  may  require 
combinations  of  passive  and/or  active  components  into  treatment  systems.  The  combination  of  treatment  components 
may  be  unique  and  will  vary  depending  on  specific  site  characteristics. 

Baseline  information  of  AMD  water  quality  in  Cascade  County  is  provided  herein.  The  data  were  compiled  from  five 
studies  dating  back  to  1969.  It  should  be  kept  in  mind  that  each  set  of  data  carries  with  it  possible  errors  and 
omissions  and  therefore,  comparison  of  values  will  reveal  some  inconsistencies.  It  is  recommended  that  any  design 
contemplated  for  AMD  treatment  in  Cascade  County  not  be  based  solely  on  these  data.  As  much  as  practical, 
chemistry  and  flow  data  from  the  subject  AMD  source  should  be  obtained.  Additionally,  existing  area  wetland  systems 
should  be  studied  and  results  of  these  and  other  pilot  studies  should  be  documented  to  benef  it  future  treatment  system 
design. 

Wetlands  and  any  other  system  chosen  for  AMD  treatment  should  not  be  considered  a  "forever"  fix  to  the  problem  and 
will  require  maintenance  as  well  as  improvements  to  existing  experimental  designs.  Long  term  maintenance  of  any 
treatment  system  constructed  is  an  issue  to  be  dealt  with  as  the  AMRB  program  may  not  last  in  perpetuity.  A 
suggestion  would  be  to  provide  for  another  permanent  state  agency  to  control  maintenance  trust  monies  provided  by 
the  existing  AMR  program. 
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*ht  imp  *  kx3U0  octwaan  Mr)  houses  on  M  ■«>  um  oil 
U*Mr  ft»  OaoartnanL  A  dfcn  't~i  no  ■  manholt  poa 
o  o**  of  Sand  CoukM  Cttk. 


pnaaoHAflT  heoamation  alternatives 

Tha  -r  J  wafland  araa  nqwM  lot  AMD  UtwnM  axJd  t*  cam  rtxc/t«  1 000 1 
rcrtnaaCalfTaU*  r»i».-h»«.i.»iin^.  -,    m,  t 

nculrq  ;*  Sand  CoJa*  AUO  no  i  inj*  cuteu-* '/sanwl  mulM^iraM  Thi 

a  on  lh»       etornaiiada  aland  Tna«MdnKvM«nweMnWnt>Uonand«x*]i 
ynnrwl  n  ta  rttvuu  um  »Tni  choc*  AaiynndtyMmtooBt»> 
 h  On  liar*  NngM  trad  e*  w  tna  grcv*  ctfi  ■*«  oi  0*  m^ftf. 


Nataon  •  5E  Sand  CouM* 

(SE'AMF/WWlfcSW*.  SU  TUN, 

(La  47^r*r  n  Long  nriirir  wi 

Oocftvg*  Inm  m  tl-ren  RCP  km  fto*i  rto  >  PVC-lnad.  np rap  <Scfi  anion  Um 
coracu  appromaUtr  250  'M  aco««  Uw  Ngfwiy  jo  tw  tcb  'aong  trt*  fh#  i 
icun  to  an  im.  a  pgad  dcM*i  e  a  manrnta  tocawi  about  100  im  ifc— apt,  an 
cbOiarQM  tram  a  12-ndt  f*CP  Into  Sand  t&M*  Da>k  a  a  Dndga. 


Hprurjai  35  acm  «x*»*o  a  r»  angn  rro»  m  fttM  tt  pa— I  dtm 
Stxrn  tn  in  a  rwlfaani  bsad  cr<  M&m  Brrg  'nmnwdura.  ar«  c^acna  «nuU 

t«  Xfy»"*)  rtWnj  '■xcng  c»fa  »rj  t«  rwncr  Fll  Bjj  tail  fa.  Ij  tm 

nuBavaal  r*vn  Ha;  gmi  «t)  PMgaHbL 


Kaitt  CouM 

(SE'^SWVSTASe*  S-I*.  T19K  (ME) 
(Ul  «rOTS"  H  Long  H  1*10-45*  W) 


ud*  a  PALO,  a 
aOMiraatmar 
atao  an  apt  en  [Sat  Sana  Oaaaaa  w 


Sane  CcwM  Omp 

fSE-^SvrAHEA  SJ4, 11SK  fUQ 
(Lai  *T-2J7ST  H  Long  111*1077*  W) 


cX*no  Atprwart.  [nt  afli  jtctff  ard  *a^^gaaad> 


CMrtiar  S««p 

(Nw«jc*se*«eA.  sja  n«,  tug 

(Lai  4 rzr i r  m  Lang  i it  1  orarr  W) 


Th»  anal  ■(«  acuM  ba  n 


OiartMr  Ada 

iwr*svfuse\*«eA.  s_a  tis**.  (uq 

M  trflW  N  Long  HI10*4t*  W) 

0«cnarg<  aounaua  a-jm  an  act  en  lha  «*S  tda  d  Sart  Cowaa  Cfaa*  anfl  * 
•ood  cam  and  fHncn  pm  pout  no  ina  Coutai  Tht  at>  •  axaiad  « 
0.23  maai  hatmaaa  km  Vw  ccrt*uang  at  Sand  and  baring  Guam. 


W  a<n  i  hrj  ni»  »)uacr  ;aA  FbaDi 


iMTt*  w  baj  r«l**l  L 


Oanw  Couaat  Saas 

(Wt-*sw\ASCi*«EX  sa  Tigr<  fuei 

(Lai  47-3T14-N  Long  Mil 0-4TW| 
Saap  aoanjas  n  (To  bad  of  Sand  CotAM  * 


MMngCouAM 

[N£KS£W€VJ«P*1  S-ZL  I19N.  fl4f| 
(LB  4**2T12*  N  Lo*q  IIIMODJ*  W) 


■  n  at  Sana  Cowaa  UM  a 


d  adl  and  sdwi  rnrougd  a  -wod  ftma  ■ 
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SAND  COULEE  AREA  


SAMPLE  SITE  LOCATIONS  AW  DeSCKFTIOMJ 


WottA-HArtY  nECUUAATXW  ALTtHHATTVM 


F_ipanmartal  nAnk  b  raa  AMO  Im  fw>  Itai  mti  conarucad  in  19M  >m  1 9VT- 

FVr»ng»  (tUK  1)  Oa  <*J  flasgn  BW|  *  ?M  if  Of  aaaM  Oa  1  gpn  'WuiJ  n 

pradpU>  I  aJfcarl  Fa  a  not  wmt  3)  Pond  tan  raid  not  t»  anaruaad  ■*  nor> 
«UncM  tn  bOMd  ■  fa  bMd  *  norfMlong  Oxm  mfWH  Cf  Tracy .  a)Mi«aigiWC^trli|;*«jMii(iO*«iJ»r(jai]^iii1|i 
«  a  Da  -ward  nut  uvoum.  Th»  Mi  a  umnH  hy  i  pWM  cat  wo^Bd^rt  fw«bw  BBihoUBtaiBtBmad.  T^ajrartdaeanaaaWtoj  IW1 
C9NiwnvMffgOMM'o1i4MUKiii:'.'(|  ad  rroOTaai  ■  Wi       [twicn**  mV  PVCL  PmJ.  cndtmg  ai5  'wXtng  w8art) 

oak  and  a  Mad  «aar  r*x»  pond. 


Old  Anaconda  Una  -  Tracy  Caat  A  Poaania  manananca  raqtfad  of  fa  wwm  ooaaabn  lyaam  cf»w« 

{SW\tNEUSWW,  17.  T1W,  UK) 
flat  4TW1-  N  Long  11 1  DTir  W) 

Tha  Map  a  bcaad  a  tha  and  al  sa  matt  aaatMat  mat  ki  *r«n  Daefanja  a  ccaadad 

m  i  odc*  aMlttJ  tank.  Tha  «aa  QjWawf  >  a.iaff<a>  bi  aajdflol  conauwpnpai,   


•  Tracy  Caat  B 

rSWWtfhSEU.  SJ,  T19K  USE) 

(Lannm-Niong  intra***) 

Tha  taap  —a—  an  a  p*e  pea  out  ol  icbaad  adl  appaataaajaj  300  rarda  aaal  ol 
Traqr  Eaat  A.  Oaoharaa  lb**  »aaj  «  a  charra*  atacn  tan  on  ra  aaal  and  rati  mad 
Tracy  andOBBhargaafa^ignjadHalrtD  Sand  CoUaa  Cnaa.  


Tha  aaaaa,  pond  aaaaj  a  «>  oauxakx  and  Wanton  taaa  and  fwahj  nana  i 
«noB«<tnarai  CBajd  bdudo  coaacton  and  oonaoJ  aj  fa  Haa)  Cc*Aati»ahaoaBa> 

juuij  aa  l-Tt-tf  "  '  Charral  and  pond  fean  and  •  ka  baaaa  tai 

runt aor ba raojLaad.  P"JuuaadiaaanarliBfa>aidawa*iadwafanfl.  rfaj 
*>t  tttp  aaaiaaa  ana  ma  ail  alia  nt  nat  aaal  naraq  mm  a;cn  fifr  7""         iaflB*j  cM  and  aMtfcato  {and.  Thaiyaaaa^padtdQPadtoaaa*bal 
yadi  aaa  ol  Mtyaaay  ZZ7  baMnd  la  Sanca  Cteam  Canav.  Tha  aaal  tea  torn  Haa)  panoda. 
Couaa  and  1  aMaaara)  ajaJI  tea  Caraar.aa  F  vd  N  ara  cnanaad  to  a  aaal  aaaang 

pond  bcaan  naa  fa  nqrarar  aaai  at  fa  Cartanaa  N  Ha.  


CajaarvfaiC  "^'Wi  ua?  ma  r»o—       naracg  Tara.  pang  *  «**0  -  —org  ppai 

fSwruSVTASCWC*  S.U.  I  UK  «5£)  ajtaawaatccaa^oamaawoaataacaoanaatafM^ 

(LfJ47-nir  NLong  HIDTIff*  W)  indraOaar^waaandcaai  laaaMaaJaj amank,n«arafeiakaandii  ajaMBd 

Ona  aaw  (bai  aoa  ■  tan  axai  anwoa  fa  asufi  ada  ol  fa  oMaa  HI  anctar 
dacraraaa  kgaj  i  ctaad  «S  Saxaa  ■  *-ren  Pvc  oca  al  fa  baa«  d  fa  ttopa.  A  fad 


No  tea  oaranor  nab  « tai  a*.  Saa  ra  HaaJ  CoWaa  I 


Caraanaa  tktm  a  1  pnwaxa*  ataanad  ■ 
iM  Mat  no*  ol  Haaj  Coutaa. 
i  tcaad  a  oa  baaaol  fa  fl 


a  ra  Caraar-ai  F  and  Waal  CoUaa  taap  aX»ra. 


trtJ1  Pajpat  ol  ta  anaBno  aaaePan  n  laa  ajatjaaaai  ra  aaeonooa  a  fat 

(Wr^kSrAKW***1*.  SJO.  TISK  R5Q  PAirj«»BT«jr«ttyyoU«-afc»)BBa»aJBaBl  Tnaa«a>«an»pcaal 

(Lai  *7*2T23" N Long  1 1 I*0T9J* W)  r^aeaoa.  VarfMaaraaai  afaW  i  *  otfaBadandcraaM.  lAaottaa 

T»  ro«  a«  ^r«a  -cuD  -ajta*  J»a  aw  raao  ^oaa^ga. 

Tta»  aaap  aaa  aoa  t  Dan  ax*  bm  oa  Oa  aaal  ada  ol  a  oaJaa  ippronaaBa;  S00  aat 
cartnd  la  Una  aacarca.  Tha  AUO  oofadoa  paa  tpaat  aia*  j  i^iaal  m  an  act  no 

tangaf  San  [MIL  


(V^ui£VSKftw«X  S-U  TI9K  «5Q  Marioaa*Jana.  ItoaTOliacWaatt  faafaMai. 

M*7Tn(TNLon9ltf0r3rw)  rtrfcaaaaa^Thapaxnaadaaajndaaalaaaa  -^^,h 

andfaaad.  ftaarfna ratecaaon aay ba aaajajw/ ,  R» Haa BaM Sc*a>a»*16 
W»ta»aaajaajaajiioalaaaJaallBaa^                                             ptoad  *oar  ta  nad  b  fa  MM  aadand  ta  raaaart. 
cbpa«fa^adaolMarana2Z7.  Tha  Ml  a  bcawd  (La  aaai  a*  J  Cantanaaa.  


TTMMaoanlanafaraa>aaiWa>uj«jrafaloraaf^ 


(seASEuseAKwa.  lit.  Ttax  «q  ■P>Mt  ■  «^mmammm^^^^r^r^r^ 

Oajcfaaoaa»ioad«aafoaiaoBia*^  oidt^andna3xt,-a«caMaaaic<raaa.t^ 

r^^aaaadax^-aaaaf-ODaa^r-a-t^o^  ^»»^  a^ar^laaaaaaailaaa.aj^fuaaaxcc^aaci^ 

flaM  raacanca.  afaji  a  0-3  aaaa  p*i  ot  Cataarvda  on  Caacada  Cow  raaaaa  2P.  aaal  ba  conaBanal  
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TRACY  ■  CENTERVILLE  AREA  ~  3 


SAMPLE  SITE  LOCATIONS  ANO  DESCRIPTIONS 


PRELIMINARY  RECLAMATION  ALTERNATIVES 


Lnrts  Couwa  CHarme*  lAarysas  Ivfnui  va/y  ccm*Mnt*t  Tin  mosi 

(SEV.SWV.NE' '.*£','..  S28.  TI9N.  R6E)  racani  resits  (Pacta.  1991)  nxaie  IT*  (ha  -aw  s  ret 

[Lai  N  Long  nrSS'tr  W)  dagradad  andugn  U  warrant  r/aatmart  ji  ma  una  Utkuyoi 

aiwj  uvxiifl  !»  conduoad  to  Dtur  dair*  waiar  qua** 

r«*>  adiu  a/a  touted  on  ma  souff<  s<d«  ol  tr»  couwa  crwactaroocs 
I0fjr0i*riitan/  IX  laal  uatfea/n  lion  ma  (ilitA]  NX  of  IM 
vowitser  itts  deoartman 


LtWU  COUIM  'Jl'iM  Ltwtl  SlTMO. 

(NWVJHWASevJ*E'A.  S26,  TI9N,  R6£) 
(UHWOr  NLong  urSS'irw, 

AUO  ftowi  "om  j  t  «xn  PVC  pp*  wncn  ouMa  no  Lhq 
Coiaa  41  «  mruoan  ol  Thn]  and  Li«0  Straea  Th»  jmo 
ongnam  kom  i  «*v  twig  Uccm  (iMo  Pfopa/Ti)  lounns  ol 
M  OuOkI  PC* 


Thn  sour*  US  oounul  'or  fftaimert  «*Ti  -ananas  corwruaed 
<i  Cutnar  Park  or  .1  ina  area  ackacani  10  ma  Bal  sawaoa 
deoouj  dqtos  nonn  of  tw  via 


*a*cooc»  Mr* 

'it  .va'  j.c  ...v.  S26,  TI9N.  R6E) 

M  4r"2rw  n  Long  i  io-ssms*  w) 

AUO  •rrurun  bom  an  add  on  tnt  Mil  taang  vom  caw*  r» 
a^o  waiar  suwy  tarns  aoonuvnarjiy  1  CO  taa<  aoova  ma  road 
Flow  u  itnsoanarj  Dvoujn  1  nprap  xnc  c  rvjnr*  .mo  a  <yy -» 
SOwin  runrsmj  OTcfi  -W  flows        r>U  B*fl  Own  Daaiarge 
born  m*  m*te  Boars  at      gpm  ma  n/aty  ftjauawi 


Tha  targa  wtund  arta  tor  nunan  suggasa  tyu 

actve  LtMcnam  mammas  snoud  ba  :onsoararj  Addttnai 
ia/xfcnrj  and  pouoi  1  pso<  Such*  Vtud  ba  conrJuoad  to 
owarrrww  P*UJ  atfe»renaai.  Tha  cornc-nad  usa  ol  acs** 
ranmam  and  conuructd  waoands  *ajc  nduca  weeand  araa 
ragurarnans  and  daaeasa  m«<  taaimani  xwixr  and 


Rwn  3  watand  oartormance  sreud  oa  conduaad  orr  ru 
n«ii  savar*  raars  to  onjvua  ana  tor  us*  *  han  ■aOind 
oasjgrt 

AUO  rs  coAaced  ix  km  10 1  tanas  of  Uvea  oacand  cats. 
E.icn  mraSand  CM  a  cao.w«  of  inflow  a^-rnflCM  ird  sutac« 
Bo* 


Francn  Couwa  Wtttand 

(SE'JIE'^WS  S»  T19N  R6EI 
P_H  trTTir  H  Long  t  'trssir  w, 
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BELT  AREA 


APPENDIX  2 


TABLE  1 . 

CASCADE  COUNTY  ACID  MINE  DRAINAGE 
SUMMARY  OF  WATER  QUALITY  DATA 


Field  Measurement  LaDoratoiy  anarvt* 


GENERAL  SITE  STLOY  STUDY  LOCATION 

AREA  NAME  NAME  NUMBER  Legal  Description  FLOW  RATE       pH         DO         TDS       EC        TEMP  pH       AcloKy         TSS  SC  Iron  Sulkte         Aluminum    Manganese  Znc 

Latitude /Longitude  (gpm|  (mg/T)        (g/L)  (mS/cm)    (oeg  Q  |mg/T)      (mg/I)       (umhoo/cm)  (mg/I)  |mg/1)  (mg/1)  (mg/I)  |mg/I) 


CrertMr  Adt 
Upper  Cerrxm  line 
(Craraaf) 


MBMQ 

OSL 

HydTcVWta-l 


AS— 01 
7-48 

SCM-2  (1043, 
sew- 1  n»&o 

SouOl  Send  Cou*4  E 
Cramer  Adt 


NW4SW4SE4NE4.  S  n.Tiw.  Fta€ 
10NO4E23ADC8 


47  2300*N/111  1O40*W 


4  40  2-24  MO 


27M 
3520 


4479  -    5349  712  -    5540  4909  -   4430     303  - 
4400 

4500  -    7000  740  -    1270  4000  -    5425      94  . 

3670  400  3450 

4280  491  4340 


008       2.03  -  2.04 


20.50 
14.30 


Cramer  Cou**  S*ao 


CfwTMr  CtxJM  mo 


WVV4SW4SE4N64.  S  23.  T19N.  P*£ 

19N04C23ADC8 

47  23'14'N/111  1044*W 


2.04  4  13 


Crarber  S440 
Loader  Caroon  Mre 
(CrarteO 


L43MO 

OSL 

rty-3roAV««t 


AS-02AI  B 
7-40 
SCM-3 
SCM-3 

Sevan Sana  Cou»»  B- 
CTanw  aw 


4  7  23-10*N/ll1  1040*W 


2-21  4  41 


2310  -  0047 

4340 
5100  -  4440 
4100 
4290 


502  -    17O0     54O0  -  0405 


2.54 
1  55 

2.03 


21  00 
11  42 


143  XI 

OSL 

MyOTO/W44l 

Senator 


Scuri  Sand  Couto*  E 
UmgCoUM 


NE4SE4SE4NE4.  5  23  T10N.R4E 
47  23  I2-N/111  10  33"W 


0  02  12-2 


5343  -  0074 


»44     0520  -    7700     552  ■ 


712       0  07  -  2-04 


MBMQ 

OSL 

HymvWeK 


7-74  a  7-44 

SCM-5 

3CM-5 


SS4SW4SE4SE4.  S.  14.  T10N.  B4£ 

10NO4E14OOCO 


47  23  3TN/111  1045*' 


»0  -  J 
9 

230  W4-) 


3043  -    3447  434  -     544  2911  -    3540     243  - 
3270 

3400  -    5240  400  -     444  2595  -    3540     234  - 

2700  242  2335 


1.32  2.43 


1  59  -     2.00  0  3  -  13  00 

1  50  -     1  40  02-    4  70 
004 

1  04  5.10 


N44aon  Mr* 
rCneraeo 


MBMQ  AS -07 

OSL  7-44 
KrO70AV44t  SCM-4 
SCM-4 

P*coa  N**on  -  SE  Sand  Cou** 


SE4NW4SW4  S  13.  T10N.  ft4£ 
10N04E13C80 


4  7  23  4  9*^/111  1018*W 


3  03  7  52 


5023  -  10304  1004  7040 
5210 

2413  -    4434  700  -    1340  2445  -    7040  1» 

7550  1230  4100 


MB  MO  AS-04 
OSL  7-32 
Hym/HK  SCM-11 
SCM-11 
Scratar  SandCoua*  * 

P«cca  Sand  Com**  ' 


47  23  54-N/111  10'1»*w 


Sand  Cou**  WW  f<CP  outao 


1701  -  3449 
2030 


74  1     1040  "  1120 


Sand  Cou**  Our* 


Sand  Coo**  Dumo 


SE4SW4NE4  S  34.  T10N.  FUE 

10N04E34AC0 

4  7  2324*N/111  1027-W 


S4moi4  0»l»4  MBMQ.  1940-1947  DSL  1940- 1 967  MyooAV.il.  1 949- 194 1  Screw  1949-1990  mil4«»d)  P*cca,  5/1901 


TABLE  1 . 

CASCADE  COUNTY  ACID  MINE  DRAINAGE 
SUMMARY  OF  WATER  QUALITY  DATA 


GENERAL 
AREA 


SITE 
NAME 


STUDY 
NAME 


STUDY 
NUMBER 


LOCATION 
Legal  Deacnpoon 
Latitude /Longrajca 


Field  Measurement 


FLOW  RATE       pH         DO        TDS       EC  TEMP 
(gpm)  (mart)        (g/q  (mS/em)  (degQ 


Laboratory  analysis 


Acidity        TSS  SC  Iron 

(mg/T)       (mg/T)       (umhoe/cm)  (mgrl) 


Sulkta 

(mg/1) 


Aluminum  Manganese  Zjnc 
(mg/I)  (mg/1)  (mg/1) 


Qrfssn  -  Wen 


Tracy  East  V 

Tracy  Vtns/ 

Old  Aneca  us  Mrs 


Tracy  East  B/ 
Tracy  Mne/ 
Okl/ 


Jtfnm  Ejro  Wrsaod 


Lt3  MO 

DSL 

HyOTO/Wset 


BS-01 
7-20A  7-1* 
3CM-4 
3CM-4 

Omen  -  Mem 


SW4SW4NE4.  S.  14.  T19N.  R4E 
1SN04E14AC0 


47  1048-N/111  11CWW 


Otten  -  West 


NE4SE4SE4NW4  3  14.  TI8N.  B4E 
47  1628"N/111  IVirVV 


MB  MO 

OSL 

Hjr-WQrVr'»>tt 


CS-01A1  B 
7-40 

sCM-e 

SCM-8 
Tracy  East  A 


SW4NE4SW4.  S.  07.  Tl»N.  BSE 
I0NO5E07CAC 


47  24-4i'N/ni  oesrw 


mbmo 

OSL 

Myoro/Weet 
Screler 


SW4WW4SE4.  S-  07.  T19N.  H3E 
lOWOSEOTDflC 


47  24  41*N  Mil  08  38*W 


MBUO 

OSL 

HydroAVesI 
Scratar 


47  25  30*  N/ 111  08  4  7*W 


250  -  SOO 

M       5  56 


1038  -    6fl&2        29 1  -    52  '  MA  -     832    1.18  -      3.04  0  22  -  0.30      0.8  -  1.23 

01.6  1  88  0.74 

1200 

1200  -    2080        29  I  -     200  182  -     817        1  -         2»  0.22  -  0  48     0  8  -  1JB 


0  47  0  03  10  8 


847 


350 


482 


0  29 


3  8  0.57  1.15  IS  J 


2.7 

24  -  3  0 


1800  -    2SW        124  -       54      880  -    2430      90  • 


2820  ■ 
2820  ■ 


42*3 
3300 


120  2520  -  3010 
328  15*0 


0.81 


Tracy  NE.  A/ 
Oootfaawr  ^orr^r  Mna 


lABMO 

OSL 

Hydro/West 
Scnsta* 


SCM-15 
7-41 
SCM-13 
Tracy  ME.  A 


NE4NE4NE4NE4.  S  7.  TlftN.  R5E 
I8NO5E07AAAA 


4  7  25'15'N/UI  08  15*W 


3  -  8  3 

8.3  -  7.7 


1004  -  1100 
I0O0  -  1008 


MB  MO 

OSL 

Hycra/wsct 

Scr-aNr 

Paooa 


NE4.  S  10.  T18N.  H5E 
I0NOSE16A 


47  24'04'N/111  0820*V» 


SW4SE4SE4  S  16.  T19N.R5E 
MBMO  CS-04  19N05E16OOC 
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TABLE  1 . 

CASCADE  COUNTY  ACID  MINE  DRAINAGE 
SUMMARY  OF  WATER  QUALfTY  DATA 
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CASCADE  COUNTY  ACID  MINE  DRAINAGE 
SUMMARY  OF  WATER  QUALITY  DATA 
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AREA 
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SECTION  B.  DRINKING  WATER  QUALITY  STANDARDS— UNITED  STATES 

The  U.S.  Environmental  Protection  Agency's  National  Primary  Drinking-Water  Regulations  and  National  Secondary  Drinking- 
Water  Regulations  are  summarized  in  the  following  tables.  The  primary  regulations  specify  maximum  contaminant  levels  (MCLs), 
and  health  advisories.  The  MCLs,  which  are  the  maximum  permissible  level  of  a  contaminant  in  water  at  the  tap,  are  health  relat- 
ed and  are  legally  enforceable.  If  these  concentrations  are  exceeded  or  if  required  monitoring  is  not  performed  the  public  must  be 
notified.  The  secondary  drinking-water  regulations  specify  the  secondary  maximum  contaminant  levels  (SMCU.  The  SMCLs  are 
for  contaminants  in  drinking  water  that  primarily  affect  the  esthetic  qualities  related  to  public  acceptance  of  drinking  water;  they 
are  intended  to  be  guidelines  for  the  States  and  and  are  not  federally  enforceable.  Health  advisories  are  guidance  contaminant 
levels  that  would  not  result  in  adverse  health  effects  over  specified  short-time  periods  for  most  people. 

As  provided  by  the  Safe  Drinking  Water  Act  of  1974,  the  U.S.  Environmental  Protection  Agency  has  the  primary  responsibility 
for  establishing  and  enforcing  regulations.  However,  States  may  assume  primacy  if  they  adopt  regulations  that  are  at  least  as 
stringent  as  the  Federal  regulations  in  levels  specified  for  protection  of  public  health  and  in  provision  of  surveillance  and  enforce- 
ment. The  States  may  adopt  more  stringent  regulations  and  may  establish  regulations  for  other  constituents. 

TABLE  6-13.  NATIONAL  PRIMARY  DRINKING  WATER  STANDARDS 


Constituent 


MCL 
mg/L 


Constituent  MCL 

mg/L 

Lindane   0.004 

Methoxychlor   0.1 

Toxaphene   0.005 

Total  trihalomethanes   0.10 

RADIONUCLIDES 

Seta  panicle  and  photon 

activity,  mrem   4  {annual  dose  equivalent) 

Gross  alpha  ,  pCi/L   15 

Radium-226  and  228,  pCi/L   5 

VOLATILE  ORGANIC  CHEMICALS 

Benzene   0.005 

Carbon  tetrachloride   0.005 

1.2-Dichloroethane   0.005 

1,1-Dichloroethylene   0.007 

1,1,1-Trichloroethane   0.20 

para-Dichlorobenzene   0.075 

Trichloroethylene   0.005 

Vinyl  chloride   0.002 


INORGANICS 

Arsenic  (AS)   0.05 

Barium  (Ba)   1.0 

Cadmium  (Cd)   0.01 

Chromium  (Cr)   0.05 

Fluoride  (F)   4.0 

Lead  (Pb)   0.05 

Mercury  (Hg)   0.002 

Nitrate  (as  N)  10.0 

Selenium  (Se)   0.01 

Silver  (Ag)   0.05 

MICROBIOLOGICALS 

Coliforms   1/100  mL 

PHYSICAL  CHARACTERISTICS 

Turbidity,  NTU   1-5 

ORGANICS 

2,  4-D   0.1 

2,4.5-TP  Silvex   0.01 

Endrin   0.0002 


Source:  U.S.  Environmental  Protection  Agency 


TABLE  6-14.  NATIONAL  SECONDARY  DRINKING  WATER  STANDARDS 


Constituent 


SMCL 

Level  (mg/L)  Constituent 


SMCL 
Level  (mg/L) 


Chloride  (CI)  

Color,  color  units  

Copper (Cu)  

Corrosivity  

Fluoride  

Surfactants  (MBAS). 
Iron  (Fe)  


250  Manganese  (Mn)   0.05 

15  Odor,  threshold  odor  number   3 

1  pH,  pH  units   6.5-8.5 

Noncorrosive    Sulfate  (SO4)   250 

2.0  Total  dissolved  solids  (TDS)   500 

0.5  Zinc  (Zn)   5.0 

0.3 


HEALTH  ADVISORY 

Constituent 

Level 

(mg/L) 

Sodium   20 


Source:  U.S.  Environmental  Protection  Agency 
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NOTES  FOR  FIGURE  6-6 

Sodium- Adsorption- Ratio  SAR  «  Na/     (Ca  ♦  Mg)/2  where  concentrations  are  expressed  in  millequivalents  per  liter. 
CONDUCTIVITY 

LOW-SALINITY  WATER  (C1)  can  be  used  for  irrigation  with  most  crops  on  most  soils  with  lirtle  likelihood  that  soil  salinity  will 
develop.  Some  leaching  is  required,  but  this  occurs  under  normal  irrigation  practices  except  in  soils  of  extremely  low  permeabili- 
ty- 

MEDIUM-SALINITY  WATER  (C2)  can  be  used  if  a  moderate  amount  of  leaching  occurs.  Plants  with  moderate  salt  tolerance  can 
be  grown  in  most  cases  without  special  practices  for  salinity  control. 

HIGH-SALINITY  WATER  (C3)  cannot  be  used  on  soils  with  restricted  drainage.  Even  with  adequate  drainage,  special  manage- 
ment for  salinity  control  may  be  required  and  plants  with  good  salt  tolerance  should  be  selected. 

VERY  HIGH-SALINITY  WATER  (C4)  is  not  suitable  for  irrigation  under  ordinary  conditions,  but  may  be  used  occasionally  under 
very  special  circumstances.  The  soils  must  be  permeable,  drainage  must  be  adequate,  irrigation  water  must  be  applied  in  excess 
to  provide  considerable  leaching,  and  very  salt-tolerant  crops  should  be  selected. 

SODIUM 

LOW-SOOIUM  WATER  (SI)  can  be  used  for  irrigation  on  almost  all  soils  with  little  danger  of  the  development  of  harmful  levels 
of  exchangeable  sodium.  However,  sodium-sensitive  crops  such  as  stone-fruit  trees  and  avocados  may  accumulate  injurious  con- 
centrations of  sodium. 

MEDIUM-SODIUM  WATER  (S2)  will  present  an  appreciable  sodium  hazard  in  fine-textured  soils  having  high  cation-exchange-' 
capacity,  especially  under  low-leaching  conditions,  unless  gypsum  is  present  in  the  soil.  This  water  may  be  used  on  coarse-tex- 
tured or  organic  soils  with  good  permeability. 

HIGH-SODIUM  WATER  (S3)  may  produce  harmful  levels  of 
exchangeable  sodium  in  most  soils  and  will  require  special  soil  management— good  drainage,  high  leaching,  and  organic  matter 
additions.  Gypsiferous  soils  may  not  develop  harmful  levels  of  exchangeable  sodium  from  such  waters.  Chemical  amendments 
may  be  required  for  replacement  of  exchangeable  sodium,  except  that  amendments  may  not  be  feasible  with  waters  of  very  high 
salinity. 

VERY  HIGH  SODIUM  WATER  (S4)  is  generally  unsatisfactory  for  irrigation  purposes  except  at  low  and  perhaps  medium  salini- 
ty, where  the  solution  of  calcium  from  the  soil  or  use  of  gypsum  or  other  amendments  may  make  the  use  of  these  waters  feasible. 

Another  criterion  for  the  evaluation  of  irrigation  water  is: 

Residual  Sodium  Carbonate  (RSC)  -  (CO3  *  HCO3)  •  (Ca  *  Mg)  where  concentrations  are  expressed  in  meq/liter. 
When  RSC>2.5  Probably  not  suitable  for  irrigation 
1.25-2.5  Marginal 
<1.25  Probably  safe  for  irrigation 


TABLE  6-46.  GUIDES  FOR  EVALUATING  THE  QUALITY  OF  WATER  USED  FOR  IRRIGATION 

[MPN  is  most  probable  number.  Sodium  absorption  ratio  is  defined  by  the  formula  SAR-NaV     (Ca*Mg)/2  where  me 
concentrations  are  expressed  in  milliequivalents  per  liter.  Residual  sodium  carbonate  is  the  sum  of  the  equivalents  of  normal 
carbonate  and  bicarbonate  minus  the  sum  of  the  equivalents  of  calcium  and  magnesium.] 


Threshold 

Limiting 

Quality  Factor 

Concentration* 

Concentrationt 

Coliform  organisms,  MPN  per  100  ml 

10001 

S 

Total  dissolved  solids  (TDS),  mg/liter 

500* 

1500* 

Electrical  conductivity,  umhos/cm 

750* 

2250* 

Range  of  pH 

7.0-8.5 

6.0-9.0 

Sodium  adsorption  ratio  (SAR) 

6.0* 

15 

Residual  sodium  carbonate  (RSC).  meq 

1.25* 

2.5 

Arsenic,  mg/liter 

1.0 

5.0 

Boron,  mg/liter 

0.5* 

2.0 

Chloride,  mg/liter 

100* 

350 

Sulfate,  mg/liter 

200* 

1000 

Copper,  mg/liter 

0.1* 

1.0 

'Threshold  values  at  which  irrigator  might  become  concerned  about  water  quality  and  might  consider  using  additional  water  for 
leaching.  Below  these  values,  water  should  be  satisfactory  for  almost  all  crops  and  almost  any  arable  soil, 
t  Limiting  values  at  which  the  yield  of  high-value  crops  might  be  reduced  drastically,  or  at  which  an  irrigator  might  be  forced  to 
less  valuable  crops. 

*  Values  not  to  be  exceeded  more  than  20  percent  of  any  20  consecutive  samples,  nor  in  any  3  consecutive  samples.  The  frequen 
cy  of  sampling  should  be  specified. 

§  Aside  from  fruits  and  vegetables  which  are  likely  to  be  eaten  raw,  no  limits  can  be  specified.  For  such  crops,  the  threshold  con- 
centration would  be  limiting. 

Source:  Calif.  State  Watej;  Quality  Control  Board.  1963 
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TABLE  6-51.  GUIDES  FOR  EVALUATING  THE  QUALITY  OF  WATER  FOR  AQUATIC  LIFE 


Threshold  Concentration* 


Daf  armiriAtion 

Fresh  wo  tor 

Total  dissolved  solids  (TDS),  mg/liter 

2000t 

Electrical  conductivity,  nmhos/cm  @  25°C 

3000t 

Temperature,  maximum  °C 

34 

34 

Maximum  for  salmonoid  fish 

23 

23 

Range  of  pH 

6.5-8.5 

6.5-9.0 

Dissolved  oxygen  (0.0.),  minimum  mg/liter 

5.0* 

5.0* 

Flotable  oil  and  grease,  mg/liter 

0 

0T 

Emulsified  oil  and  grease,  mg/liter 

10T 

10T 

Detergent,  ABS,  mg/liter 

2.0 

2.0 

Ammonia  (free),  mg/liter 

0.5t 

• 

Arsenic,  mg/liter 

l.Ot 

LOT 

Barium,  mg/liter 

5.0T 

Cadmium,  mg/liter 

0.01T 

Carbon  dioxide  (free),  mg/liter 

1.0 

Chlorine  (free),  mg/liter 

0.02 

Chromium,  hexavalent.  mg/liter 

0.05T 

0.05T 

Copper,  mg/liter 

0.02T 

0.02T 

Cyanide,  mg/liter 

0.02t 

0.02T 

Fluoride,  mg/liter 

1.5T 

1.5T 

Lead,  mg/liter 

O.lt 

0.1T 

Mercury,  mg/liter 

0.01 

0.01 

Nickel,  mg/liter 

0.05t 

Phenolic  compounds,  as  phenol,  mg/liter 

1.0 

Silver,  mg/liter 

0.01 

0.01 

Sulfide,  dissolved,  mg/liter 

0.5t 

0.5T 

Zinc,  mg/liter 

0.1 

*  Threshold  concentration  is  value  that  normally  might  not  be  deleterious  to  fish  life.  Waters  that  do  not  exceed  these  values 
should  be  suitable  habitats  for  mixed  fauna  and  flora. 

T  Values  not  to  be  exceeded  more  than  20  percent  of  any  20  consecutive  samples,  nor  in  any  3  consecutive  samples.  Other  values 
should  never  be  exceeded.  Frequency  of  sampling  should  be  specified. 

*  Dissolved  oxygen  concentrations  should  not  fall  below  5.0  mg/liter  more  than  20  percent  of  the  time  and  never  below  2.0 
mg/liter.  (Note:  Recent  data  indicate  also  that  rate  of  change  of  oxygen  tension  is  an' important  factor,  and  that  diurnal  changes  in 
D.O.  may,  in  sewage-polluted  water,  render  the  value  of  5.0  of  questionable  merit.) 

Source:  Calif.  State  Water  Quality  Control  Board.  1963 


TABLE  6-52.  MAXIMUM  CONCENTRATIONS  OF  COPPER  SULFATE  SAFE  FOR  FISH 


Fish  Sofo  Copper  Sulfoto  Concentration 


ppm. 

IbVmil.  gal. 

Trout 

0.14 

1.2 

Carp 

0.30 

2.5 

Suckers 

0.30 

2.5 

Catfish 

0.40 

3.5 

Pickerel 

0.40 

3.5 

Goldfish 

0.50 

4.0 

Perch 

0.75 

6.0 

Sunfish 

1.20 

10.0 

Black  Bass 

2.10 

17.0 

Source:  U.S.  Public  Health  Service 
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SECTION  H.  RECREATIONAL  WATER  QUALITY 
TABLE  6-54.  GUIDES  FOR  EVALUATING  RECREATIONAL  WATERS 


Water  Contact  Boating  and  Aesthetic 


Determination 

Noticeable 
Threshold 

Limiting 
Threshold 

Noticeable 
Threshold 

Limiting 
Threshold 

Coliforms.  MPN  per  100  ml 

1000* 

t 

Visible  solids  of  sewage  origin 

None 

None 

None 

None 

ABS  (detergent),  mg/liter 

T 

2 

1  • 

5 

Suspended  solids,  mg/liter 

20  • 

100 

20* 

100 

Flotable  oil  and  grease,  mg/liter 

0 

5 

0 

10 

Emulsified  oil  and  grease,  mg/liter 

10# 

20 

20* 

50 

Turbidity,  silica  scale  units 

10# 

50 

20* 

* 

Color,  standard  cobalt  scale  units 

15» 

100 

15* 

100 

Threshold  odor  number 

32* 

256 

32* 

256 

Range  of  pH 

8.5-9.0 

6.0-10.0 

6.5-9.0 

6.0-10.0 

Temperature,  maximum  °C 

30 

50 

30 

50 

Transparency,  Secchi  disk,  ft 

20* 

t 

*  Value  not  to  be  exceeded  in  more  than  20  percent  of  20  consecutive  samples,  nor  in  any  3  consecutive  samples. 

f  No  limiting  concentration  can  be  specified  in  the  basis  of  epidemiological  evidence,  provided  no  fecal  pollution  is  evident. 

(Note:  Noticeable  threshold  represents  the  level  at  which  people  begin  to  notice  and  perhaps  to  complain.  Limiting  threshold  is 

the  level  at  which  recreational  use  of  water  is  prohibited  or  seriously  impaired. 

t  No  concentration  likely  to  be  found  in  surface  waters  would  impede  use. 

Source:  California  State  Water  Quality  Control  Board,  1963 
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SECTION  I.  WATER  QUALITY  FOR  LIVESTOCK 
TABLE  6-55.  GUIDES  FOR  EVALUATING  THE  QUALITY  OF  WATER  USED  BY  LIVESTOCK 


Quality  Factor 


Threshold 
Concentration* 


Limiting 
Concentration  t 


Total  dissolved  solids  (TOS),  mg/liter 

Cadmium,  mg/liter 

Calcium,  mg/liter 

Magnesium,  mg/liter 

Sodium,  mg/liter 

Arsenic,  mg/liter 

Bicarbonate,  mg/liter 

Chloride,  mg/liter 

Fluoride,  mg/liter 

Nitrate,  mg/liter 

Nitrite,  mg/liter 

Sulfate,  mg/liter 

Range  of  pH 


2500 
5 

500 
250 
1000 
1 

500 
1500 
1 

200 
None 

500 
6.0-8.5 


5000 

1000 

500* 
2000* 

500 
3000 
6 

400 
None 
1000* 
5.6-9.0 


'Threshold  values  represent  concentrations  at  which  poultry  or  sensitive  animals  might  show  slight  effects  from  prolonged  use 
of  such  water.  Lower  concentrations  are  of  little  or  no  concern. 

T  Limiting  concentrations  based  on  interim  criteria.  South  Africa.  Animals  in  lactation  or  production  might  show  definite  adverse 
reactions. 

t  Total  magnesium  compounds  plus  sodium  sulfate  should  not  exceed  50  percent  of  the  total  dissolved  solids. 
Source:  California  State  Water  Quality  Control  Board.  1963 


TABLE  6-56.  QUALITY  STANDARDS  FOR  WATER  USED  FOR  LIVESTOCK 

Threshold  Salinity  Concentration,  ppm. 


Poultry   2.860 

Pigs   4,290 

Horses   6.435 

Cattle,  dairy   7,150 

Canle.  beef   10.000 

Adult  dry  sheep   1 2,900 


Source:  Jour,  of  Agriculture  of  Western  Australia,  1950 
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